US 20090108738A1

12) Patent Application Publication (o) Pub. No.: US 2009/0108738 A1

a9y United States

Kwak

(43) Pub, Date: Apr. 30, 2009

(54) ORGANIC LIGHT EMITTING DISPLAY

(76) Inventor: Won-Kyu Kwak, Suwon-si (KR)

Correspondence Address:

CHRISTIE, PARKER & HALE, LLP
PO BOX 7068

PASADENA, CA 91109-7068 (US)

(21) Appl.No:  12/173,085

(22) Filed: Jul. 15, 2008
(30) Foreign Application Priority Data
Oct. 24,2007 (KR) coreveererrereerenennes 10-2007-0107233

' I d4 |
570

Publication Classification

(51) Int.CL
HOIL 51/52 (2006.01)

(52) US.Cle coooooooeeeeseeoeeeeee oo 313/504

(57) ABSTRACT

An organic light emitting display. The organic light emitting
display includes a display unit, a scan driver, a data driver, a
pad unit including a plurality of pads for transmitting driving
power or driving signals to at least one of the display unit, the
scan driver, and the data driver, and a protective circuit unit
coupled between the pad unit and at least one of the display
unit, the scan driver, or the data driver. The protective circuit
unit includes a semiconductor layer, insulating layers on the
semiconductor layer, and a conductive layer on the insulating
layer. One region of the conductive layer that overlaps the
semiconductor layer is physically disconnected to create two
adjacent ends that are coupled to each other through the
semiconductor layer. The two adjacent ends of the discon-
nected conductive layer have recesses and protrusions.

PD’

\\\\' K

M\

\\\\%\ /_\

/
040

/
90



Patent Application Publication

Apr. 30,2009 Sheet1of 7

US 2009/0108738 A1

100

120~

130

ol

N4

i
{1

Sn

5
|1

— ELVDDL

— ELVSSL

—110

— 140




Patent Application Publication  Apr. 30,2009 Sheet 2 of 7 US 2009/0108738 A1
150
~ ~ VDD
ey 3 | & .S I
1 !_I_‘ 1 1 =
PD /
> L~
% L VS
2 3 =
L L L




Patent Application Publication  Apr. 30,2009 Sheet 3 of 7

F1G. 34

US 2009/0108738 A1

'/PR
350 o dr 340
AN \1! lr\ (\ s¢—~——300




Patent Application Publication

Apr. 30,2009 Sheet 4 of 7 US 2009/0108738 Al
F1G. 44
PR
350
""i'a , o 6%
B¢ “‘? }‘.) «mwf. (_ 50 0
,,,,, |
\91350’
)
FlG. 4B
PR

350

142

/

340

OO NNSRY

0

o= x&}ﬁ\\i::%

330

|
|

K J\/MO

/
320



US 2009/0108738 A1

Apr. 30,2009 Sheet5of 7

Patent Application Publication

F1G. 4C

F1G. 4




Patent Application Publication  Apr. 30,2009 Sheet 6 of 7 US 2009/0108738 A1

F1G. oA

L PD VDDL  VSSL
\ 5/40 520 / 5/60

£

oo ONONO N [\GOND 0 R B0 BT 58 Gy
7_? % T §7T+ E +7_
44 A 4 ] A
f+ @ 1 4 W Ak +) u
14 ] 4
I7"‘+ + AR
N
1+

=3

o
A
" Al
v
I JEOR

59

iz
&
&l
4
b
B\i—
2
2|

RONPNEROND
> A+

=~

+171 4

i)

[\u]
bd
7/
| A

q-1-+
E\\-NEH++
e
1
v

A
i+ FARL |+
vidl Crdk ?: -1) g
TO0 N O T DY O DNDNE R :§§é<

FlG. ob

VDDL  VSSL

)
570 » h\<i::
g

e




Patent Application Publication  Apr. 30,2009 Sheet 7 of 7 US 2009/0108738 A1

F1G. 64

L\ /PD’ VDDL  VSSL
560
570 5/40 o0
e Mfmfiigﬁﬁua;{ﬂ
& Al i
(‘i?* R

C . A\
é%éﬁﬂ EREENE R R TR B E L

VDDL  VSSL

ji 570 |




US 2009/0108738 A1l

ORGANIC LIGHT EMITTING DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2007-0107233, filed on
Oct. 24, 2007, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting display, and more particularly to, an electrostatic
discharge (ESD) protection circuit of an organic light emit-
ting display.

[0004] 2. Discussion of Related Art

[0005] In general, an organic light emitting display
includes a display unit for displaying images and a driving
circuit unit for driving the display unit.

[0006] The display unit includes a plurality of pixels posi-
tioned at the crossing regions between scan lines and data
lines. The display unit displays images that correspond to
scan signals and data signals supplied from the scan lines and
the data lines.

[0007] The driving circuit unit supplies a driving power
source and/or a driving signal to the display unit. Therefore,
the driving circuit unit includes a scan driver for supplying the
scan signals, a data driver for supplying the data signals, a
timing controller for controlling the scan driver and the data
driver, and a power source supply unit for supplying a pixel
power source.

[0008] Intheorganiclight emitting display, the display unit
is formed on a display panel. The driving circuit unit can be
formed on the display panel or a printed circuit board (PCB)
electrically coupled with the display panel through a pad unit,
or can be dispersed on the display panel and the PCB.
[0009] For example, the display unit, the scan driver, and
the data driver are formed on the display panel of the organic
light emitting display, and the timing controller and the power
source supply can be mounted on the PCB that is electrically
coupled with the display panel through the pad unit.

[0010] Coupling wiring lines for supplying the driving
power source and/or the driving signal supplied from the pad
unit are formed between the components (such as the display
unit, the scan driver, and the data driver) formed on the pad
unit and the display panel.

[0011] However, the coupling wiring lines can transmit the
ESD supplied from the outside as well as the driving power
source and/or the driving signal to the inside of the display
panel. The ESD transmitted to the inside of the display panel
can cause the organic light emitting display to be defectively
driven.

[0012] Therefore, a method of preventing the organic light
emitting display from being defectively driven due to the ESD
is desired.

SUMMARY OF THE INVENTION

[0013] Accordingly, embodiments of the present invention
provide an organic light emitting display with an ESD pro-
tection circuit to prevent the display from being defectively
driven.

[0014] According to one embodiment of the present inven-
tion, there is provided an organic light emitting display. The
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organic light emitting display includes a display unit includ-
ing a plurality of pixels positioned at crossing regions
between scan lines and data lines, a scan driver for supplying
scan signals to the scan lines, a data driver for supplying data
signals to the data lines, a pad unit, and a protective circuit
unit. The pad unit includes a plurality of pads for transmitting
driving power or driving signals to at least one of the display
unit, the scan driver, or the data driver. The protective circuit
unit is coupled between the pad unit and at least one of the
display unit, the scan driver or the data driver. The protective
circuit unit includes a semiconductor layer, insulating layers
on the semiconductor layer and a conductive layer on the
insulating layer. One region of the conductive layer that over-
laps the semiconductor layer is physically disconnected to
create two adjacent ends of the conductive layer. The two
adjacent ends are coupled to each other through the semicon-
ductor layer. The two adjacent ends of the disconnected con-
ductive layer have recesses and protrusions. In some embodi-
ments, the two adjacent ends may have a concavo-convex
shape.

[0015] The two adjacent ends of the disconnected conduc-
tive layer may be concavo-convex in a plane, and a shortest
distance between the two adjacent ends of the disconnected
conductive layer may be between about 2 um to about 10 pum.
[0016] In addition, the protective circuit unit may include
resistance units, and each of the resistance units may include
the semiconductor layer, insulating layers on the semicon-
ductorlayer, and the conductive layer on the insulating layers.
The conductive layer may be electrically coupled with the
semiconductor layer by contact holes.

[0017] In addition, the protective circuit unit may include
diode-coupled transistors. Each of the diode-coupled transis-
tors may include the semiconductor layer, a gate insulating
layer on the semiconductor layer, a gate electrode on the gate
insulating layer, an interlayer insulating layer on the gate
electrode, and source and drain electrodes on the interlayer
insulating layer. The source and drain electrodes may be
electrically coupled with the semiconductor layer through
contact holes. Here, at least one of the source and drain
electrodes may be integrated with the conductive layer. In
addition, adjacent and facing ends of the source and drain
electrodes may have recesses and protrusions. In some
embodiments, the adjacent and facing ends of the source and
drain electrodes may have a concavo-convex shape.

[0018] In addition, the protective circuit unit may include
resistance units electrically coupled with the pad unit and
protective diodes electrically coupled between the resistance
units and at least one of the display unit, the scan driver, or the
data driver. Here, each of the protective diodes may include
diode-coupled transistor.

[0019] Inaddition, the conductive layer may include a cou-
pling wiring line that couples the pad unit to at least one of the
display unit, the scan driver, or the data driver.

[0020] Another embodiment of the present invention pro-
vides an organic light emitting display. The organic light
emitting display includes a display unit, a scan driver coupled
to the display unit, a data driver coupled to the display unit, a
pad unit and a protective circuit unit. The pad unit includes a
plurality of pads for transmitting driving power or driving
signals to at least one of the display unit, the scan driver, orthe
data driver. The protective circuit unit is coupled between the
pad unit and at least one of the display unit, the scan driver or
the data driver. The protective circuit unit includes a first ESD
current path and a second ESD current path to protect the at
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least one of the display unit, the scan driver or the data driver
from ESD damage. The second ESD current path is config-
ured to protect the protective circuit unit when the protective
circuit unit receives a voltage of ESD that is higher then a
voltage limit of the first ESD current path.

[0021] The first current path may include a semiconductor
layer, an insulating layer on the semiconductor layer, and a
conductive layer on the insulating layer. A region of the
conductive layer that overlaps the semiconductor layer is
physically disconnected to create a gap. Two adjacent ends of
the conductive layer on opposite ends of the gap are coupled
to each other through the semiconductor layer, and the two
adjacent ends have recesses and protrusions.

[0022] The second current path may be configured to carry
current through the conductive layer and the gap by a tunnel-
ing phenomenon. The two adjacent ends of the conductive
layer may have concavo-convex shape. Still another embodi-
ment of the present invention provides an ESD protective
circuit unit. The ESD protective circuit unit includes a semi-
conductor layer, an insulating layer on the semiconductor
layer, and a conductive layer on the insulating layer. One
region of the conductive layer that overlaps the semiconduc-
tor layer is physically disconnected to create two adjacent
ends of the conductive layer. The two adjacent ends are
coupled to each other through the semiconductor layer, and
the two adjacent ends have recesses and protrusions. In some
embodiments, the two adjacent ends may have a concavo-
convex shape.

[0023] The two adjacent ends of the disconnected conduc-
tive layer may be concavo-convex in a plane direction, and a
shortest distance between the two adjacent ends may be
between about 2 um to about 10 pum.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and/or other embodiments and features of the
invention will become apparent and more readily appreciated
from the following description of certain exemplary embodi-
ments, taken in conjunction with the accompanying drawings
of which:

[0025] FIG.1isablock diagram illustrating the structure of
an organic light emitting display according to an embodiment
of the present invention;

[0026] FIG. 2 is a schematic circuit diagram illustrating an
example of a protecting circuit unit of FIG. 1,

[0027] FIGS. 3A and 3B are a plan view and a sectional
view of an example of a resistance unit of FIG. 2;

[0028] FIGS. 4A and 4B are a plan view and a sectional
view of another example of the resistance unit of FIG. 2;
[0029] FIGS. 4C and 4D are plan views of still another
example of the resistance unit of F1G. 2;

[0030] FIG.5A is aplan view of an example of a protective
diode of FIG. 2;
[0031] FIG. 5B is a plan view of the coupling wiring lines,

the input lines of the first and second scan driving power
sources and the source/drain electrodes of the protective
diode of FIG. 5A;

[0032] FIG. 5C is a sectional view of an example of the
protective diode of FIG. 2;

[0033] FIG. 6A is a plan view of another example of the
protective diode of FIG. 2;

[0034] FIG. 6B is a plan view of the coupling wiring lines,
the input lines of the first and second scan driving power
sources, and the source/drain electrodes of the protective
diode of FIG. 6A; and
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[0035] FIG. 6C is a sectional view of another example of
the protective diode of FIG. 2.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0036] Hereinafter, certain exemplary embodiments
according to the present invention will be described with
reference to the accompanying drawings. Here, when a first
element is described as being coupled with a second element,
the first element may be directly coupled with the second
element or may be indirectly coupled with the second element
via a third element. Further, elements that are not essential to
the complete understanding of the invention are omitted for
clarity. In addition, like reference numerals refer to like ele-
ments throughout.

[0037] Hereinafter, embodiments of the present invention
will be described in detail with reference to the attached
drawings.

[0038] FIG. 1isablock diagram illustrating the structure of
an organic light emitting display according to an embodiment
of the present invention. For the sake of convenience, F1G. 1
illustrates the display panel of the organic light emitting dis-
play in which a display unit, a scan driver, a data driver, a pad
unit, and a protective circuit unit are formed. However, the
present invention is not limited to the above, and the structure
of the display panel can vary.

[0039] Referring to FIG. 1, a display panel 100 of the
organic light emitting display according to one embodiment
of the present invention includes a display unit 110, a scan
driver 120, a data driver 130, a pad unit 140, and a protective
circuit unit 150.

[0040] The display unit 110 includes a plurality of pixels
112 positioned at the crossing regions of scan lines S1 to Sn
and data lines D1 to Dm. The display unit 110 displays images
that correspond to the scan signals and the data signals sup-
plied from the scan lines S1 to Sn and the data lines D1 to Dm.
Reference numerals ELVDDL and ELVSSL denote the sup-
ply lines of first and second pixel power sources ELVDD and
ELVSS (not shown).

[0041] The scan driver 120 generates the scan signals that
correspond to the scan driving power sources and the scan
control signals transmitted from the pad unit 140. The scan
signals generated from the scan driver 120 are sequentially
supplied to the display unit 110 through the scan lines S1 to
Sn.

[0042] The data driver 130 generates the data signals that
correspond to the data and the data control signals transmitted
from the pad unit 140. The data signals generated from the
data driver 130 are supplied to the display unit 110 through
the data lines D1 to Dm in synchronization with the scan
signals.

[0043] Thepadunit140is formed on one side of the display
panel 100 and include a plurality of pads P that transmit the
driving power sources and/or the driving signals to at least
one of the display unit 110, the scan driver 120, the data driver
130, or the protective circuit unit 150. That is, the pads P are
electrically coupled with the components (for example, the
display unit 110, the scan driver 120, the data driver 130,
and/or the protective circuit 150) formed in the display panel
100 through coupling wiring lines to supply the driving power
sources and/or the driving signals to the components.

[0044] The protective circuit unit 150 is electrically
coupled between the scan driver 120 and the pad unit 140. For
example, the protective circuit unit 150 can be formed in the
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input lines (that is, coupling wiring lines between the scan
driver 120 and the pad unit 140) of the scan driving power
sources and/or the scan control signals (for example, the start
pulses, the clock signals, and the output enable signals of the
scan driver 120).

[0045] Inoneembodiment, the protective circuit unit 150 is
shown only between the scan driver 120 and the pad unit 140
in FIG. 1 for convenience sake. However, the present inven-
tion is not limited to the above embodiment.

[0046] For example, the protective circuit unit 150 can be
formed between the display unit 110 and/or the data driver
130, and the pad unit 140. That is, the protective circuit unit
150 is coupled with at least one of the display unit 110, the
scan driver 120, or the data driver 130 and the pad unit 140.
The protective circuit unit 150, in one embodiment, includes
resistance units and/or protective diodes formed in at least
one coupling wiring line. Therefore, the ESD received
through the coupling wiring lines is dispersed or removed by
the resistance units and/or the protective diodes to prevent the
organic light emitting display from being defectively driven
due to the ESD.

[0047] FIG. 2 is a schematic circuit diagram illustrating an
example of the protective circuit unit 150 of FIG. 1.

[0048] Referring to FIG. 2, the protective circuit 150
includes resistance units PR and protective diodes PD formed
in the at least one coupling wiring lines L that couple the
components respectively formed in the display panel 100 and
the pad unit 140 with each other.

[0049] For example, the protective circuit unit 150 can
include the resistance units PR that are electrically coupled
with the pad unit 140 and the protective diodes PD that are
electrically coupled either between the resistance units PR
and the display unit 110 or between the scan driver 120 and
the data driver 130.

[0050] Here, the protective diodes PD can be formed of
diode coupled transistors. In addition, first and second scan
driving power sources VDD and VSS or additional power
sources can be used as reference power sources for driving the
protective diodes PD.

[0051] For example, backward diode coupled transistors
are coupled between the coupling wiring lines L and the first
scan driving power source VDD and between the coupling
wiring lines [ and the second scan driving power source VSS
to form the protective diodes PD.

[0052] In this case, when the ESDs have voltages of large
values (that is, absolute values), the ESD having the positive
(+) value is induced toward the first scan driving power source
VDD, and the ESD having the negative (-) value is induced
toward the second scan driving power source VSS so that the
ESDs are not input to the other components formed in the
display panel 100.

[0053] The resistance units PR and the protective diodes
PD can be concurrently formed of the same material as the
semiconductor layers and the source/drain electrodes of the
transistors (hereinafter, referred to as pixel TFTs) (not shown)
included in the display unit 110.

[0054] For example, the coupling wiring lines L. can be
formed of the same material as the source/drain electrodes of
the pixel TFTs in the processes of forming the source/drain
electrodes of the pixel TFTs. The resistance units PR can be
formed so that one region of each of the coupling wiring lines
L is physically disconnected, and that the electric coupling of
the coupling wiring lines L is maintained through the semi-
conductor layers that is formed to overlap the disconnected
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parts of the coupling wiring lines L. Here, the semiconductor
layers that form the resistance units PR can be formed of the
same material as the semiconductor layers as the pixel TFTs
or semiconductor material having higher doping density in
the processes of forming the semiconductor layers of the pixel
TFTs.

[0055] In addition, when the protective diodes PD are
formed of'the diode coupled transistors, the protective diodes
PD can be formed of the same material as the pixel TFTs in
the process of forming the pixel TFTs.

[0056] As described above, when the protective circuit unit
150 including the resistance units PR and the protective
diodes PD is formed in the coupling wiring lines L between
the components that are formed in the display panel 100 and
the pad unit 140, the ESD received from the outside to the
coupling wiring lines L is dispersed by the resistance units PR
and is bypassed to the reference power sources through the
protective diodes PD. Therefore, it is possible to prevent the
components in the display panel 100 from being damaged by
the ESD and to prevent the organic light emitting display from
being defectively driven.

[0057] FIGS. 3A and 3B are a plan view and a sectional
view of an example of the resistance unit PR of FIG. 2.
[0058] Referring to FIGS. 3A and 3B, the resistance unit
PR illustrated in FIG. 2 can be formed so that one region of a
conductive layer 350 that forms the coupling wiring line L is
physically disconnected and that both disconnected ends of
the conductive layer 350 are electrically coupled with a semi-
conductor layer 320 through contact holes 340.

[0059] In more detail, the resistance unit PR includes the
semiconductor layer 320 that is formed on a substrate 310,
insulating layers 330 that are formed on the semiconductor
layer 320, and the conductive layer 350 that is formed on the
insulating layers 330. Here, one region of the conductive
layer 350 is physically disconnected by a distance of d1, and
the disconnected ends of the conductive layer 350 are coupled
with the semiconductor layer 320 through the contact holes
340. That is, the disconnected parts of the conductive layer
350 are electrically coupled through the semiconductor layer
320 so that the electric continuity of the coupling wiring lines
L is maintained.

[0060] Here, the conductive layer 350 operates as the cou-
pling wiring line L that couples at least one of the display unit
110, the scan driver 120, or the data driver 130 with the pad
unit 140, and the semiconductor layer 320 that has a larger
resistance value than the conductive layer 350 operates as the
resistance unit PR.

[0061] The resistance units PR disperse the ESD input to
the coupling wiring lines L to protect the other circuit units.
[0062] When the resistance unit PR receives an ESD having
a voltage higher than that the resistance unit PR can handle,
the semiconductor layer 320 of the resistance unit PR can be
damaged.

[0063] As a result, since the driving power sources and/or
the driving signals supplied from the pad unit 140 cannot be
input to the display unit 110, the scan driver 120 and/or the
data driver 130, the driving of the organic light emitting
display can become defective.

[0064] In order to prevent the defective driving of the
organic light emitting display as described above, according
to an embodiment of the present invention, another example
of the resistance unit is illustrated in FIGS. 4A and 4B.
[0065] FIGS. 4A and 4B are a plan view and a sectional
view of another example of the resistance unit of FIG. 2. In
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FIGS. 4A and 4B, the same components as the components of
FIGS. 3A and 3B are denoted by the same reference numet-
als, and detailed description thereof will be omitted.

[0066] Referring to FIGS. 4A and 4B, the disconnected
ends of a conductive layer 350' coupled with the semiconduc-
tor layer 320 have protrusions and recesses. In some embodi-
ments the ends may be concavo-convex.

[0067] That is, in some embodiments, the adjacent discon-
nected ends of the conductive layer 350" are concavo-convex
onaplane. The distance d2 by which the disconnected ends of
the conductive layer 350" are separated is shorter than the
distance d1 by which the disconnected ends of the conductive
layer 350 (FIGS. 3A and 3B) are separated.

[0068] Therefore, when an ESD having a high voltage is
received, the ESD does not pass through the semiconductor
layer 320, instead the ESD directly flow through the gaps
between the disconnected ends of the conductive layer 350
by tunneling. Thus damage to the semiconductor layer 320
caused by the ESD is prevented or reduced. Therefore, the
driving power sources and/or the driving signals supplied
from the pad unit 140 can be stably supplied to the inside of
the display panel 100.

[0069] In the resistance unit PR’ that has the above struc-
ture, the voltage range of the ESD that does not pass through
the semiconductor layer 320 and that is bypassed to the con-
ductive layer 350' can be controlled by controlling the dis-
tance d2 by which the disconnected ends of the conductive
layer 350" are separated.

[0070] The shortest distance d2 by which the ends of the
conductive layer 350' are separated from each other is prop-
erly set to prevent the semiconductor layer 320 from being
damaged and broken in consideration of the characteristics of
the semiconductor layer 320 or the voltage range of the
received ESD. For example, the shortest distance d2 between
the ends of the conductive layer 350" can be set to be 2 um to
10 um in some embodiments. This is because of, in the
described embodiment, difficulties in processes and that short
defect are easily generated when the shortest distance d2 is
less than about 2 um, and it is difficult to produce the tunnel-
ing effect between the ends of the conductive layer 350' when
the shortest distance d2 is more than about 10 pm.

[0071] However, the present invention is not limited to the
above described embodiments, and the shortest distance d2
between the ends of the conductive layer 350" can be set to
various distances to prevent or reduce the semiconductor
layer 320 from being damaged and be broken in consideration
of the characteristics of the semiconductor layer 320 or the
voltage range of the received ESD.

[0072] On the other hand, the shape of the disconnected
ends of the conductive layer 350" is not limited to the shape
illustrated in FI1G. 4A. For example, the disconnected ends of
the conductive layer 350' can be triangular tooth shaped as
illustrated in FIG. 4C or can be rectangular as illustrated in
FIG. 4D.

[0073] That is, according to various embodiments of the
present invention, the shapes of the disconnected ends of the
conductive layer 350" are not limited to a specific shape but
can be variously set to any shape that can allow the ESD to
tunnel.

[0074] FIG. 5A is a plan view of the exemplary protective
diode PD of FIG. 2. FIG. 5B is a plan view of the coupling
wiring lines L, the input lines of the first and second scan
driving power sources, and the source/drain electrodes of the
protective diode PD of FIG. 5A. FIG. 5C is a sectional view
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illustrating an example of the protective diode PD of FIG. 2.
Referring to FIGS. 5A to 5C, the protective diode PD is
formed between the coupling wiring line [ and the input line
(hereinafter, referred to as VDDL) of the first scan driving
power source and between the coupling wiring line [ and the
input line (hereinafter, referred to as VSSL) of the second
scan driving power source.

[0075] In more detail, the protective diode PD includes a
transistor backward (forward when the positive ESD is input)
diode coupled between the coupling wiring line L and the
VDDL and a transistor backward (forward when the negative
ESD is input) diode coupled between the coupling wiring line
L and the VSSL.

[0076] Here, the coupling wiring line L, the VDDL, the
VSSL, and source/drain electrodes 570 can be formed of the
same material in the same processes.

[0077] That is, the source or drain electrode 570 of the
transistor that forms the protective diode PD can be integrated
with the conductive layer that forms the coupling wiring line
L, the VDDL, or the VSSL. A conductive layer is physically
disconnected by a predetermined distance d3 between the
source and drain electrodes 570 of the transistor so that the
source and drain electrodes 570 are coupled to each other with
a semiconductor layer 520 through contact holes 560.

[0078] The protective diode PD induces the ESD input
through the coupling wiring line L to the reference power
source (for example, the first or second scan driving power
source VDD or VSS) to protect the other circuit units. More
detail of the section of the protective diode PD will be
described. The protective diode PD includes the transistor
consisting of a semiconductor layer 520 formed on a substrate
510, gate insulating layers 530 formed on the semiconductor
layer 520, a gate electrode 540 formed on the gate insulating
layers 530, interlayer insulating layers 550 formed on the gate
electrode 540, and the source/drain electrodes 570 formed on
the interlayer insulating layers 550 to be electrically coupled
with the semiconductor layer 520 by contact holes 560. Here,
although not shown in FIG. 5C, the gate electrode 540 of the
transistor is coupled with the source or drain electrode 570 to
be diode coupled.

[0079] On the other hand, the source and drain electrodes
570 of the transistor that forms the protective diode PD are
separated from each other by the distance d3 so that the ESD
flows between the source electrode 570 and the drain elec-
trode 570 via the semiconductor layer 520.

[0080] However, when the protective diode PD receives an
ESD having a voltage higher than that the semiconductor
layer 520 can handle, the semiconductor layer 520 can be
damaged and be broken. In this case, the protective diode PD
cannot perform a proper function.

[0081] In order to prevent the semiconductor layer 520
from being damaged, according to another embodiment of the
present invention, another example of the protective diode
PD' illustrated in FIGS. 6A to 6C will be provided.

[0082] FIG. 6A is a plan view of the protective diode of
FIG. 2. FIG. 6B is a plan view of the coupling wiring lines L,
the input lines of the first and second scan driving power
sources, and the source/drain electrodes of the protective
diode PD' of FIG. 6A. FIG. 6C is a sectional view of another
exemplary embodiment of the protective diode of FIG. 2. In
FIGS. 6A to 6C, the same components as the components of
FIGS. 5A to 5C are denoted by the same reference numerals
and detailed description thereof will be omitted.
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[0083] Referring to FIGS. 6A to 6C, both ends of source
and drain electrodes 570" have recesses and protrusions. In
some embodiments the ends may be concavo-convex. That is,
in one embodiment, the adjacent and facing ends ofthe source
and drain electrodes 570' may be concavo-convex on a plane.
The distance d4 by which the source and drain electrodes 570
are separated from each other is formed to be shorter than the
distance d3 by which the source and drain electrodes 570
illustrated in FIGS. 5A to 5C are separated from each other.
[0084] Therefore, when an ESD having a high voltage is
received, the ESD does not pass through the semiconductor
layer 520, instead the ESD directly flows to the source and
drain electrodes 570" by a tunneling phenomenon. Thus the
semiconductor layer 520 is prevented from being damaged.
Therefore, a protective diode PD' can continuously perform a
function of protecting the other components in the display
panel 100.

[0085] In the protective diode PD' having the above
described structure, the voltage range of the ESD that does not
pass through the semiconductor layer 520 and that directly
flows to the source and drain electrodes 570" can be controlled
by controlling the distance d4 between the source and drain
electrodes 570'.

[0086] Thatis, the distance d4 between the source and drain
electrodes 570" can be properly set to prevent the semicon-
ductor layer 520 from being damaged in consideration of the
characteristics of the semiconductor layer 520 or the voltage
range of the received ESD. For example, the shortest distance
d4 between the source and drain electrodes 570' can be set to
be 2 pm to 10 um, in some embodiments. This is because
difficulties in processes and short defect are easily generated
when the shortest distance d4 is less than about 2 um, and it is
difficult to produce the tunneling effect between the source
and drain electrodes 570' when the shortest distance d4 is
more than about 10 pm.

[0087] However, the present invention is not limited to the
above described embodiments, and the shortest distance d4
between the source and drain electrodes 570" can be variously
set to prevent the semiconductor layer 520 from being dam-
aged and broken in consideration of the characteristics of the
semiconductor layer 520 or the voltage range of the received
ESD.

[0088] On the other hand, the shape of the ends of the
source and drain electrodes 570" is not limited to the shape
illustrated in FIGS. 6A and 6B. For example, the ends of the
source and drain electrodes 570" can be triangular tooth
shaped or rectangular.

[0089] Thatis, according to the embodiments of the present
invention, the shapes of the ends of the source and drain
electrodes' are not limited to a specific shape but can be
variously set to any shape that can allow the ESD to tunnel.

[0090] As described above, according to the embodiments
of the present invention, the protective circuit unit is formed
between at least one of the display unit, the scan driver, or the
data driver formed on the display panel and the pad unit to
prevent the organic light emitting display from being defec-
tively driven due to the ESD received from the outside of the
organic light emitting display.

[0091] Inaddition, the disconnected parts of the conductive
layer formed in the protective circuit unit have recesses and
protrusions (e.g., concavo-convex), and one region of the
conductive layer is physically disconnected so that the dis-
connected parts of the conductive layer are coupled with each
other through the semiconductor layer. Therefore, ESD hav-
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ing a high voltage that can cause damage to the semiconduc-
tor layer can be induced not to pass through the semiconduc-
tor layer but to flow only through the conductive layer. As a
result, the semiconductor layer is prevented or reduced from
being damaged so that the driving power sources and/or the
driving signals supplied from the pad unit can be stably sup-
plied to the inside of the display panel.

[0092] In addition, the distance between the disconnected
ends of the conductive layer formed in the protective circuit
can be controlled to control the voltage range of the ESD at
which the ESD does not pass through the semiconductor
layer.

[0093] According to the embodiments of the present inven-
tion, the protective circuit unit provides two ESD paths: a first
ESD current path and a second ESD current path to protect the
at least one of the display unit, the scan driver or the data
driver from ESD damage. For example, the first ESD path
includes the conductive layer and the semiconductor layer,
and the second ESD path does not include the semiconductor
layer. The second ESD current path protects the components
of the protective circuit unit (e.g., the semiconductor layer)
when the protective circuit unit receives a voltage of ESD that
is higher then a voltage limit of the first ESD current path.
[0094] Although exemplary embodiments of the present
invention have been shown and described, it would be appre-
ciated by those skilled in the art that changes might be made
to these embodiments without departing from the principles
and spirit of the invention, the scope of which is defined in the
claims and their equivalents.

What is claimed is:

1. An organic light emitting display comprising:

a display unit comprising a plurality of pixels positioned at
crossing regions between a plurality of scan lines and a
plurality of data lines;

a scan driver for supplying scan signals to the plurality of
scan lines;

a data driver for supplying data signals to the plurality of
data lines;

a pad unit comprising a plurality of pads for transmitting
driving power or driving signals to at least one of the
display unit, the scan driver, or the data driver; and

a protective circuit unit coupled between at least one of the
display unit, the scan driver or the data driver, and the
pad unit,

wherein the protective circuit unit comprises a semicon-
ductor layer, an insulating layer on the semiconductor
layer, and a conductive layer on the insulating layer,

wherein one region of the conductive layer that overlaps
the semiconductor layer is physically disconnected to
create two adjacent ends of the conductive layer, the two
adjacent ends coupled to each other through the semi-
conductor layer, and

wherein the two adjacent ends of the disconnected conduc-
tive layer have recesses and protrusions.

2. The organic light emitting display as claimed in claim 1,
wherein the two adjacent ends of the disconnected conductive
layer have a concavo-convex shape.

3. The organic light emitting display as claimed in claim
1,wherein the two adjacent ends of the disconnected conduc-
tive layer are concavo-convex in a plane, and

wherein a shortest distance between the two adjacent ends
of the disconnected conductive layer is between about 2
um to about 10 um.
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4. The organic light emitting display as claimedin claim 1,

wherein the protective circuit unit comprises a plurality of

resistance units, and

wherein each of the resistance units comprises:

the semiconductor layer;

the insulating layers on the semiconductor layer; and

the conductive layer on the insulating layers, the con-
ductive layer electrically coupled with the semicon-
ductor layer by a plurality of contact holes.

5. The organic light emitting display as claimed in claim 1,

wherein the protective circuit unit comprises a plurality of

diode-coupled transistors, and

wherein each of the plurality of diode coupled transistors

comprises:

the semiconductor layer;

a gate insulating layer on the semiconductor layer;

a gate electrode on the gate insulating layer;

an interlayer insulating layer on the gate electrode; and

source and drain electrodes on the interlayer insulating
layer, the source and drain electrodes electrically
coupled with the semiconductor layer through contact
holes.

6. The organic light emitting display as claimed in claim 5,
wherein at least one of the source and drain electrodes is
integrated with the conductive layer.

7. The organic light emitting display as claimed in claim 5,
wherein adjacent and facing ends of the source and drain
electrodes have recesses and protrusions.

8. The organic light emitting display as claimed in claim 7,
wherein adjacent and facing ends of the source and drain
electrodes have a concavo-convex shape.

9. The organic light emitting display as claimed in claim 1,
wherein the protective circuit unit comprises:

a plurality of resistance units electrically coupled with the

pad unit; and

a plurality of protective diodes electrically coupled

between the resistance units and at least one of the dis-
play unit, the scan driver, or the data driver.

10. The organic light emitting display as claimed in claim
9, wherein each of the plurality of protective diodes com-
prises a diode-coupled transistor.

11. The organic light emitting display as claimed in claim
1, wherein the conductive layer comprises a coupling wiring
line that couples at least one of the display unit, the scan
driver, or the data driver with the pad unit.

12. An organic light emitting display comprising:

a display unit;

a scan driver coupled to the display unit;

a data driver coupled to the display unit;

a pad unit comprising a plurality of pads for transmitting

driving power or driving signals to at least one of the
display unit, the scan driver, or the data driver; and
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aprotective circuit unit coupled between the pad unitand at
least one of the display unit, the scan driver or the data
driver,

wherein the protective circuit unit comprises a first elec-

trostatic discharge (ESD) current path and a second ESD
current path to protect the at least one of the display unit,
the scan driver or the data driver from an ESD damage,
and

wherein the second ESD current path is configured to pro-

tect the protective circuit unit when the protective circuit
unit receives a voltage of ESD that is higher then a
voltage limit of the first ESD current path.

13. The organic light emitting display as claimed in claim
12,

wherein the first current path comprises a semiconductor

layer, an insulating layer on the semiconductor layer,
and a conductive layer on the insulating layer,

wherein a region of the conductive layer that overlaps the

semiconductor layer is physically disconnected to create
a gap, two adjacent ends of the conductive layer on
opposite ends of the gap coupled to each other through
the semiconductor layer, and

wherein the two adjacent ends have recesses and protru-

sions.

14. The organic light emitting display as claimed in claim
13, wherein the second current path is configured to carry
current through the conductive layer and the gap by a tunnel-
ing phenomenon.

15. The organic light emitting display as claimed in claim
13, wherein the two adjacent ends of the conductive layer
have a concavo-convex shape.

16. An electrostatic discharge protective circuit unit com-
prising:

a semiconductor layer;

an insulating layer on the semiconductor layer; and

a conductive layer on the insulating layer,

wherein one region of the conductive layer that overlaps

the semiconductor layer is physically disconnected to
create two adjacent ends of the conductive layer, the two
adjacent ends coupled to each other through the semi-
conductor layer, and

wherein the two adjacent ends of the disconnected conduc-

tive layer have recesses and protrusions.

17. The electrostatic discharge protective circuit unit as
claimed in claim 16, wherein the two adjacent ends of the
disconnected conductive layer have a concavo-convex shape.

18. The electrostatic discharge protective circuit unit as
claimed in claim 16,

wherein the two adjacent ends of the disconnected conduc-

tive layer are concavo-convex in a plane, and

wherein a shortest distance between the two adjacent ends

of the disconnected conductive layer is between about 2
pm to about 10 pm.
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